Abstract-This paper presents a method of moments analysis of cavity backed cylindrical wraparound antennas. It shows results for radiation pattern and input impedance, and compares them with those for similar geometries. The effects of the cavity are evaluated.
I. INTRODUCTION
Cylindrical microstrip antennas have been analyzed by various methods [1] , such as cavity method [2] - [4] , using dyadic Green's functions [5] , electric surface current method [6] , method of moments [7] , and hybrid methods [8] . For objectivity we will focus on results obtained by method of moments, due to their accuracy.
The procedure of method of moments consists in expanding the surface currents into a set of functions, known as basis functions, whose coefficients are determined from the boundary conditions. Method of moments was used in [9] to determine the resonance frequencies of rectangular and wraparound antennas printed on a single dielectric layer over a cylindrical conductor, and in [10] to analyze these antennas when fed by a coaxial cable. Radiation patterns and input impedance of rectangular and wraparound antennas were obtained. The superstrate effect was analyzed in [11] where an antenna was placed between two dielectric layers over a cylindrical conductor, and fed by a transmission line. Antennas on the same media, but fed by a coaxial cable were analyzed in [12] , which showed results for radiation pattern, input and mutual impedances of wraparound antennas.
In all previously cited papers the dielectric layers extend to infinity in z-direction. Flush-mounted cylindricalrectangular microstrip antennas were studied in [13] . In this case the antennas were printed on a dielectric interface in a sectoral cavity of the cylindrical conductor. This geometry avoids the surface waves at the infinite dielectric layers, diminishing the coupling between elements of an array, and increasing the antenna efficiency.
This paper presents an analysis of cavity backed cylindrical wraparound antennas based on method of moments. To our knowledge it is the first time this geometry is presented. It does share the same advantages described above for the flush-mounted cylindrical-rectangular antennas. Cavity effects on the radiation patterns and input impedance are studied. For lack of results using other analysis for the same geometry, the results obtained with this formulation are compared to those obtained for infinite dielectric layer covering a cylindrical conductor.
978

II. FORMULATION
The geometry of the cavity-backed wraparound antenna is shown in Fig. I . A cylindrical perfect electric conductor has radius b. A cavity is built in the conductor, from z = Zi c to Z = ZZc, with inner radius a, and filled with a dielectric layer of relative permitivitty Cr and loss tangence tan(Or). A wraparound antenna is printed over
The antenna is fed by one or more coaxial cables, as discussed later. The antenna is analyzed with the aid of the equivalence principle. The original geometry shown in Fig. 1 is split into 2 regions, by adding a perfect electric conductor at the dielectric-air interface (p = b) and equivalent magnetic surface currents [14] . An internal region is formed by the cavity, and an external one by p > b.
A. Internal Region
The fields within the cavity are written as the sum of T E ; and T M z components, with the aid of vector potential components Fi and A~, respectively. Each vector potential component is expressed in a double-Fourier series already satisfying the boundary conditions at the walls z = Zlc and Z = Z2 c: 
where 
B. External Region
The external electromagnetic fields can be expanded in TE z and TM z components [14] , with vector potentials expanded in cylindrical waves, satisfying the radiation condition:
where the superscripts e f refer to an exponential series in 1> and a Fourier transform in z , respectively. Imposing the
C. Feeding
The wraparound antenna is fed by a parallel network at equally spaced N p coaxial cables along a circumference (z = zI» P = b) of the antenna. Each probe of the coaxial cables is modeled as a strip of width Wf' An example of the feeding network, with 6 coaxial cables is shown in Fig.  2 . If the spacing between the feed points is smaller than one wavelength in the dielectric substrate, the electric field is nearly uniform in 1>, resulting a close to omnidirectional pattern [15] . If each feed point carries a current la, the total current in the network is Np l o .
D. Method of Moments
The boundary conditions at the dielectric-air interface require the continuity of the tangential magnetic fields, which are obtained from the vector potentials (1-2) for the internal region, and (7-8) for the external one. These conditions lead to integral equations solved by the method of moments. The equivalence surface magnetic current is Once the equivalent surface magnetic current is known, the radiation pattern is obtained from far field approximations of the fields at external region, followed by saddle-point approximation of radiation integrals [14] . And the input impedance is given by the stationary formula: (12) where J f is the total network current.
III. RESULTS
A comparison of the radiation pattern for the cavitybacked wraparound antenna, obtained with this formulation, and that of a microstrip wraparound antenna, obtained with cavity method [1], [3] , is presented in Fig. 3 . The cylinder has radius of 26 mm, and a cavity of thickness equal to 1 mm is filled with a dielectric of relative pennitivitty of 2.1. A wraparound antenna of 34.5 mm is printed over the dielectric surface, and fed with 4 probes at zf = 8.625 mm, modeled as strips of 2 mm of width. It was observed that 4 probes were enough to radiate an omnidirectional pattern. The antenna is centered at a 50 mm cavity, and evaluated at f = 3 GHz. Despite the differences in the geometry and methods of analysis, the radiation patterns show similar behavior. Figure 4 also shows results from [10] , for the case when there is no cavity, and the dielectric layer extends to infinity in -z and + z-directions. The results from [10] were scaled by a factor of 7, as already shown in [4] . The results for the cavity-backed antenna of this formulation were compared to those from a cylindrical microstrip one ([ I0]) due to the lack of results for this specific geometry in the literature. Despite the geometrical differences the input impedance of both geometries are very close. The cavity effect can be observed in Fig. 5 , where input impedances are shown for cavities of 30 mm, 40 mm, and 50 mm. As the cavity size increases the effect of the perfect electric walls at z = Zl c and z = Z2 c diminishes. And no significant variation of the input resistance is observed for cavities of 40 mm or larger. But it also shows that for a cavity of 40 mm there is a cavity resonance around 2.41 GHz . Cavity design should avoid these resonances, that can endanger the impedance matching.
IV. CONCL USION
This paper presented a method of moments solution for a cavity-backed cylindrical wraparound antenna. Results for radiation pattern and input impedance were obtained and compared to similar geometries in which the dielectric extends to infinity in z-direction. It was shown that the cavity-backed wraparound presents similar characteristics as the microstrip one. The sensitivity of the input impedance with the cavity size is also presented.
